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Abstract: This review article explores phosphatase and tensin homolog (PTEN)’s role in head and neck squamous cell
carcinoma (HNSCC) through comprehensive expression and methylation examinations, genetic mutation investigation, and
prognostic evaluation. Using the UALCAN informational collection, PTEN expression examination uncovered a critical
over-expression in HNSCC cells isolated from normal control samples, proposing its role in HNSCC multiplication. Further,
analysis of PTEN expression across various clinical limits has shown critical up-regulation in different cancer development
stages, racial groups, gender, and age classes within the context of HNSCC patients, suggesting its major role in cancer
duplication. PTEN expression was validated by utilizing the GEPIA2.0 online tool, which showed PTEN expression was
particularly significantly expressed in HNSCC cancer improvement when it appeared differently from normal control
samples. Accordingly, examining PTEN validation across different phases of cancer advancement showed dysregulation
in each of the four phases with the most raised expression in stage I and the least expression in stage IV. Thus, this study
investigated the promoter methylation level of PTEN, figuring out a basic relationship between HNSCC samples and normal
control samples. Analyzing promoter methylation across various clinical limits uncovered massive variations, with specific
methylation patterns seen across malignant growth stages, race groups, gender, and age groups. Overall survival and disease-
free survival (OS and DFS) utilizing the KM plotter tool showed a critical relationship between PTEN expression levels in
HNSCC patients, showing high PTEN expression exhibited good overall survival when showed up distinctively comparable
to low PTEN expression levels. In addition, in disease-free survival (DFS) evaluation HNSCC patients showing low PTEN
expression experienced great DFS relative to HNSCC patients with high PTEN expression. Moreover, to validate PTEN
expression against survival, the study examined the HNSCC patients into low and high-expression groups of PTEN. In
HNSCC, low PTEN expression was connected with great overall survival (OS) when it appeared contrastingly relative to the
high PTEN expression. In like manner, the study found that low PTEN expression level was connected with great DFS in
HNSCC when it appeared contrastingly related to the high PTEN expression group. Genetic mutation analysis via cBioPortal
identifies a minimal proportion of PTEN mutations in HNSCC, predominantly in-frame mutation, missense mutation, splice
mutation, truncating mutation, and structural variant, indicating their basal significance in PTEN dysregulation within
HNSCC. Further investigation of PTEN molecular components and their exchange inside the HNSCC microenvironment

might disclose novel roads for designated treatment and accurate medication approaches in battling this harmful disease.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC) comprises a group of cancers brought about by the squamous
epithelium in the oral epithelium, oropharynx, larynx, and hypopharynx ™. HNSCC is quite possibly the most well-
known cancer and the 6" most common in the world . Approximately 750,000 new cases and 360,000 deaths occur
annually . HNSCC represents roughly 3% of new malignant growth cases and 3% of deaths around the world .
Roughly 30%—-40% of HNSCC patients have early-stage disease (stage I/II) at diagnosis and are typically cured by
surgery or radiotherapy (RT) alone . The US recorded around 50,000 new HNSCC cases and 10,000 deaths in 2017.
Rates are increasing around 1% a year in whites and over two times as high in men as in women. Early diagnosis
of the disease is possibly the main factor leading to less widespread and more effective treatment and better patient
outcomes . Tumorigenesis is a complex pathological process that includes multiple genetic changes, including
over-expression of oncogenes or inactivation of tumor suppressor genes . Notwithstanding surgery, radiation, and
chemotherapy, about half of all patients die from the disease. The risk stratification of HNSCCC relies upon the
anatomical site, staging and histological attributes of the cancer. Notwithstanding the situation with HPV, numerous
molecular and clinical risk factors have been concentrated that limit its clinical significance "*.

Phosphatase and tensin homolog deleted on chromosome ten (PTEN) was initially recognized as a tumor
suppressor habitually lost from a region of chromosome 10923 in different human cancers, including those of
the brain, breast, and prostate B19 Until now, the enormous malignant growth data set as of now records > 2700
mutations in PTEN from 28 distinct cancer types and the cBioPortal of The Cancer Genome Atlas (TCGA) records
1120 mutations in 27 cancer types ""'?. PTEN is a double specific protein and lipid phosphatase, and its essential
cell substrate is the second messenger phosphatidylinositol (3,4,5)-trisphosphate (PIP3), which it hydrolyzes to
phosphatidylinositol (4,5)-bisphosphate (PIP2) "*'*. Mounting evidence demonstrates that PTEN additionally
has significant PIP3-independent functions. In particular, PTEN protein phosphatase activities are critical for
PTEN-mediated inhibition of cellular migration ""*. In glioma cells, it has been shown that the protein phosphatase
activity of PTEN is required to actuate PTEN phosphorylation and restrain cellular migration "'®. Besides, there
is evidence that PTEN phosphatase activity might regulate glioma cell movement by suppressing Src family
kinases """, PTEN additionally has nuclear capabilities, which are possibly independent of its ability to antagonize
PI3K signaling. Different proteins have been displayed to influence PTEN nuclear localization, subsequently
affecting PTEN’s ability to act in the nucleus and promote genomic stability "'*'*". In addition to protein regulation,
different examinations have shown that PTEN is down-regulated by promoter methylation in thyroid, breast, lung,
endometrial, ovarian, gastric, and brain cancers [18]

In the ongoing review, the study explores PTEN mutations, expression levels, prognostic outcomes on
survival and utilitarian perspectives within the context of HNSCC through bioinformatics assessment. Moreover,
the study analyzed the association between PTEN expression and promoter methylation levels. To accomplish
this, the study utilized different databases, including The Cancer Genome Atlas (TCGA) data set, the UALCAN
portal, the Kaplan-Meier tool, the Gene Expression Profiling and Interactive Analysis GEPIA2.0 and cBioPortal.
The major point of this study was to evaluate the PTEN expression patterns in HNSCC and figure out its probable

significance in malignant growth treatment and prognosis.

2. Materials and methods

2.1. Expression and promoter methylation analysis of PTEN

To analyze the expression of PTEN, the study used UALCAN online database. The UALCAN data set is a
comprehensive, user-friendly, and attractive web resource for analyzing cancer genomics data % It permits
users to distinguish Biomarkers or act in silico validation of expected genes of interest, assess epigenetic
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regulation of gene expression by promoter methylation and perform pan-cancer gene expression analysis. In
the current review, this data set was utilized for the expression examination of PTEN across various phases
of the predefined malignant growth, in which this gene shows significant dysregulation as well as a critical
relationship with worse OS. To examine the promotor methylation level of PTEN in HNSCC, the study utilized
a UCALAN data set. The study dissected promoter methylation data of PTEN in various clinical boundaries,
such as the patient’s age, gender, and race.

2.2. Validation analysis of PTEN

GEPIA2.0 is a widely used online tool for predicting expression and analyzing genomic data survival ' The
GEPIA 2.0 database can be used to obtain the differences between PTEN expression and prognosis (OS and RFS)
in HNSCC cancer patients.

2.3. Survival analysis of PTEN

The KM plotter is a well-known web-based survival analysis tool . It permits scientists to evaluate the
relationship between gene expression and survival in different malignant growth types, including breast
malignant growth, lung cancer, ovarian cancer, and gastric disease. In this review, the KM plotter tool was
utilized to analyze the impact of PTEN dysregulation on cancer patients’ overall survival (OS).

2.4. Mutational analysis of PTEN

The cBioPortal for cancer genomics is a platform that permits scientists to access and dissect enormous datasets of cancer
genomics information ', It provides an easy-to-understand point of interaction for investigating cancer mutations, gene
expression and other genomic information across various cancer types. The platform intends to overcome any issues
between complex genomic information and cancer specialists by intuitively admitting molecular profiles and clinical
attributes. This study utilized this data to perform a mutational examination of PTEN across HNSCC cancer.

3. Results

3.1. Expression analysis of PTEN in HNSCC based on sample types

The study utilized the UALCAN database (Figure 1) to analyze the PTEN expression in HNSCC and normal
control samples. Upon analysis, the study found critical up-regulation of PTEN expression in HNSCC cancer
cells compared with normal control samples. This critical over-expression depicted a close association between

PTEN expression and the proliferation of HNSCC cancerous cells.

3.2. Expression analysis of PTEN in HNSCC divided based on different clinical boundaries

Thus, the study facilitated an assessment of PTEN in HNSCC samples across different clinical parameters, including
individual cancer stages, patient’s race, gender and age (Figure 2). From the beginning, the study examined PTEN
expression across various cancer development stages and noticed a basic over-expression of PTEN in HNSCC
across all stages as contrasted with ordinary control samples (Figure 2A). Along these lines, the study assessed
PTEN expression in HNSCC patients, revealing critical over-expression of PTEN in all three racial groups, such as
Caucasian, African-American and Asian, when contrasted with normal control samples (Figure 2B). In addition, the
study analyzed PTEN expression in HNSCC patients detached in gender, which showed notable up-regulation of
PTEN in both male and female patients when separated from normal control samples (Figure 2C). Finally, the study
researched the connection between PTEN expression and patient age in HNSCC. The investigation displayed over-
expression of PTEN across different age packs among HNSCC patients (Figure 2D).
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Figure 1. Expression profiling of PTEN in HNSCC and normal tissue samples.
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Figure 2. Expression of PTEN across different clinical boundaries.
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3.3. Prognostic analysis of PTEN expression in HNSCC

The study used GEPIA2 to examine the PTEN expression between HNSCC cancer when it appeared differently
in relation to normal tissues. The result showed that PTEN was especially highly expressed in head and neck
squamous cell carcinoma HNSCC compared to normal control samples (Figure 3A). In addition, the study
segregated the connection between PTEN expression and different cancer stages using the GEPIA2 database. The
results showed that PTEN expression was determinedly associated with the phases of patients with HNSCC. In
HNSCC, PTEN had the most raised expression in stage I and minimal expression in stage [V (Figure 3B).
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Figure 3. Validation of PTEN expression across different stages of HNSCC.

3.4. Promoter methylation of PTEN in HNSCC and normal control tissues

UALCAN database is utilized to differentiate the promoter methylation of PTEN in HNSCC and normal control
samples (Figure 4). The study uncovered a significant assortment, expressly hypo-methylation, in the promoter
methylation level of PTEN in HNSCC when it appeared differently from normal control samples. This nature
proposed potential epigenetic dysregulation of PTEN, featuring its association with HNSCC pathogenesis. Such
disclosures add to how the study could unravel the molecular role underlying HNSCC enhancement and idea
experiences into the role of PTEN as a potential biomarker or therapeutic agent in HNSCC management.

Figure 4. Promoter methylation pattern of PTEN in HNSCC and normal control samples.
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3.5. Promoter methylation of PTEN in HNSCC cancer divided based on different clinical
parameters

The study researched different clinical parameters to look at the promoter methylation of PTEN in HNSCC
(Figure 5). Fundamentally, the study inspected PTEN promoter methylation across various HNSCC cancer
stages compared to normal control samples. Critical variations are displayed among stages. In which every one of
four phases has shown significant hypo-methylation when contrasted with typical control samples (Figure 5A).
Subsequently, the study investigated PTEN promoter methylation, considering the race of HNSCC patients. The
study found information that hypo-methylation occurred in the PTEN promoter region across every one of the
three racial groups, such as Caucasian, African-American and Asian as compared to normal control samples (Figure
5B). After this, an assessment of PTEN promoter methylation with females and males showed hypo-methylation
(Figure 5C). Finally, the study researched PTEN promoter methylation with respect to patient age, uncovering
changing methylation levels across various age packs (Figure 5D). These comprehensive evaluations highlight
the astounding relationship between PTEN promoter methylation and different clinical parameters in HNSCC,

investigating understanding the various structures critical in PTEN expression regulation in HNSCC pathogenesis.
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Figure 5. PTEN promoter methylation pattern across different clinical parameters.

3.6. Survival analysis of PTEN

To assess the PTEN gene expression in HNSCC, the study appraised overall survival (OS) and disease-free
survival (DFS) using the KM plotter tool. A fundamental affiliation displayed between PTEN gene expression
and patient survival results in the current review. In particular, HNSCC patients showing high PTEN expression
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experienced favorable OS when was shown distinctively with low PTEN expression level (Figure 6A). Further,
in disease-free survival (DFS) examination, HNSCC patients with low PTEN expression experienced good DFS
compared with HNSCC those with high PTEN expression. These findings highlight the vital role of PTEN in
influencing the survival results of HNSCC patients, underlying its potential clinical significance as a prognostic

marker in HNSCC management.
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Figure 6. KM survival curve (OS, RFS) of PTEN in HNSCC patients.

3.7. Prognostic analysis of PTEN in HNSCC

The GEPIA2.0 informational index was used to focus on the prognostic worth of PTEN expression in HNSCC
disease progression. The study isolated the HNSCC patients into low and high-expression groups of PTEN
expression levels. In HNSCC, low PTEN expression was connected with good overall survival (OS) compared
to high PTEN expression (Figure 7A). Likewise, the study found that a low PTEN expression level was
connected with great DFS in HNSCC compared to a high PTEN expression pack (Figure 7B).
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3.8. Mutational analysis of PTEN

The study further explored the genetic mutations of PTEN in HNSCC patients utilizing cBioPortal. The
examination uncovered that just 7% of HNSCC samples showed genetic mutations in PTEN. The analyzed
genetic mutations in HNSCC included in-frame mutation, missense mutation, splice mutation, truncating
mutation and structural variant (Figure 8). These discoveries recommend that while genetic mutations in
PTEN are generally uncommon in HNSCC, the noticed in-frame mutation, missense mutation, splice mutation,
truncating mutation, and structural variant might assume a major part in the dysregulation of PTEN in HNSCC.

PTEN 7% NNNNNNNRNN)nmnnmnmnnnsicnnnnnnniis

Genetic Alteration ¥ Inframe Mutation (unknown signiicance) @ Missense Mutation (putative driver) I Missense Mutation (unknown significance)
I Splice Mutation (putative driver) B Truncating Mutation (putative driver)  l Structural Variant (putative criver)  ~ No alterations

Figure 8. Oncoplot of PTEN in HNSCC cancer.

4. Discussion

This review article examined PTEN expression, prognosis, methylation, survival and mutations and drove an
assessment in HNSCC using different bioinformatics online devices. In addition, overall survival and DFS were
used to validate the differentially expressed significant head and neck squamous cell carcinoma. The outcomes
portrayed that PTEN expression fundamentally influences the human body and reason a likely relationship
between PTEN expression and HNSCC cancer expansion, proposing PTEN expression as a putative controller
in HNSCC pathogenesis.

The incidence of HNSCC is expanding around the world *!. The 5-year survival rate of patients with
HNSCC is less than 50% ", which is associated with a lack of reliable biomarkers **!. Recent examinations
have laid out a connection between molecular markers, for example, autophagy genes, immune genes,
autophagy-related long noncoding RNAs (IncRNAs) and immune-related IncRNAs, and HNSCC prognosis “**”,
which might support in deciding clinical results. As ferroptosis is supposedly involved with both malignant
growth progression and cancer suppression, it tends to be a novel therapeutic target for cancers ", In that
capacity, prognostic ferroptosis-related signature genes have been laid out for different cancers, including

[29] [30] [31]

hepatocellular carcinoma ', glioma "', uveal melanoma ', and clear cell renal cancer B2 SLC7All is a

biomarker and therapeutic target for HPV-positive HNSCC "%’ Moreover, ferroptosis improves the clinical
development inhibitory viability of PDT against oral tongue squamous cell carcinoma .

PTEN is a very strong and multi-layered cancer suppressor practically associated with a wide range of
“hallmarks” of cancer. The principal system by which PTEN activity limits malignant growth development
and progression remains its ability to down-modulate signaling through the PI3K pathway, in this manner
in a roundabout way repressing AKT downstream targets, like GSK3, FOXO, B cell lymphoma 2 (BCL-2)
antagonistic of cell death (BAD), the E3 ubiquitin-protein ligase MDM2 and p27, which control survival, cell
multiplication, angiogenesis and cellular metabolism ®*. On the other hand, the mTORC]1 arm of the PI3K/
AKT/mTOR pathway is likewise actuated in light of the deficiency of PTEN inhibitory activity, bringing
about the phosphorylation of p70 ribosomal protein S6 kinase (S6K; otherwise called RPS6K) and restraint
of 4E-restricting protein 1 (4EBP1; otherwise called eIF4EBP1) to activate protein translation prompting
to the enhanced translation of explicit mRNAs that are critical for cell development and proliferation °**7.,

Recently, 4EBP1 has, without a doubt, emerged as a crucial negative regulator of cell expansion downstream
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of mTORCI, and its inactivation may straightforwardly advance the development of inconsistent malignant
growths ). Loss of PTEN plays an important role in the development of 30%—60% of melanomas. Evidence
has shown that decreased PTEN transcript levels were associated with PTEN promoter methylation in
melanoma “**". Decreased PTEN expression has been shown in pancreatic cancer cell lines, in spite of the fact
that deletion or mutations that cause PTEN loss of activity have not been recognized with significant frequency
in human pancreatic ductal adenocarcinoma (PDAC) ?. PTEN loss or inactivating mutations are found in a
variable proportion (5%-30%) of sporadic colorectal cancers ****. PTEN mutations happen at a low frequency
in NSCLC and in small cell lung cancer (SCLC), with the notable exemption of squamous cell carcinoma
of the lung, in which PTEN is mutated in 6-9% of the cases and essentially modified in up to 15% of cases,
considering the loss of expression as well . Germline PTEN mutation in Cowden syndrome has an inclination
to breast malignant growth, where female CS patients have up to 85% LR of developing breast cancer . In
sporadic breast carcinomas, the frequency of PTEN loss is 30%—40% .

In the current assessment, the UALCAN database was applied to figure out the expression of PTEN
in HNSCC. In the UALCAN assessment, the continuous analysis has shown that up-regulation of PTEN
expression was seen in different cancer stages, individual cancer development types, age, gender and racial
groups. As to advancement in tumors, the consequence of flow concentrates on portraying that the PTEN
expression level was higher in HNSCC tissues than in normal control samples. Besides, in the KM plotter
tool, the appraisal uncovered that HNSCC patients showing high PTEN expression experienced good overall
survival. HNSCC patients showing low PTEN expression exhibited good DFS compared to low and high PTEN
expression. In the examination, it was found that the PTEN expression level in tissue was a poor independent
prognostic component. Further evaluations should explore the prognostic worth of PTEN expression in
malignant growth development.

5. Conclusion

In conclusion, the analysis indicates that PTEN over-expression in HNSCC is closely associated with poor
overall survival, promoter methylation levels, and genetic mutations. Through proper utilization of various
public databases, including UALCAN, TCGA, cBioPortal, and KM plotter, the study has thrown light on
the diagnostic, prognostic, and potentially therapeutic roles of PTEN in HNSCC. However, further research
is required to validate and confirm these findings and explore the underlying mechanisms driving PTEN
dysregulation in HNSCC. These findings may ultimately contribute to the development of improved diagnostic
tools and therapeutic strategies for HNSCC patients.
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